ABSTRACT -Four cattle breeds (Gyr, Nellore, Guzerat and Holstein) were analyzed by amplification of genomic DNA using microsatellite loci to evaluate the genetic diversity within and among them. DNA samples of 18 animals from each breed were collected to access the genetic content of them. Allele frequencies were calculated and used to generate a Nei's genetic distance matrix what was used to build a dendrogram following UPGMA clustering. As expected, Holstein breed was the most distinct from the other breeds: 1.15 in relation to Gyr, 1.12 in relation to Nellore and 0.94 in relation to Guzerat. The closest genetic distance was 0.25 between Guzerat and Nellore. A total of 64 alleles in all four breeds were detected using nine microsatellite primers. Each breed showed 53% of the total number of alleles. The average number of alleles per locus was 7.11 ± 3.21. The most informative locus was BMS1237 with 53% of observed heterozygosity and the least informative locus was BMS3004 with 12% only. The average heterozygosity detected for the nine loci were 35% and the expected value for Hardy-Weinberg equilibrium was 53%. This low heterozygosity suggests a high endogamy level among the animals sampled within each breed.
Introduction
Dairy and beef industry requires the development of very standardized cattle herds to fulfill their commercial needs that reflects on selection practices in breeding programs. Throughout generations, breeders have accomplished the industry needs and have developed cattle breeds suited to intensive production systems. The extensive selection and multiplication of superior animals cause a significant decrease on the genetic basis of the germplasm that is the sole of the genetic variation needed to the improvement of economic traits and breeds.
Evaluations of traditional breeding traits such as yield, type and morphology have little power to detect subtle changes in the genetic variation of populations. DNA-based molecular markers have a very high level of polymorphism and have been successfully used to evaluate genetic variation of populations in breeding programs and to access the level of genetic conservation schemes (Martín-Burriel et al., 1999; Almeida et al., 2000; Regitano et al., 1999) .
In tropical regions, Zebu (Bos indicus) breeds are very important due to their heat and parasite tolerance. Nellore, Gyr and Guzerat are Zebu breeds very common in Brazil and they are being used to generate Bos taurus X Bos indicus crosses in order to combine good production with parasite and heat tolerance in synthetic breeds. In order to maintain breed diversity it is necessary to know how far apart they are.
In Brazil, the first Nellore, Gyr and Guzerat animals were imported from India in the 1930's and introduced in herds that aimed meat production (Santiago, 1985) . Later in the 60's some Gyr breeders started a selection for milk production seeking morphological traits not included in the former objectives of meat production. At the same time, few Guzerat breeders also started a selection line for milk production making this breed suitable for milk and meat production. From the 70's until now, Nellore breed is exclusively explored for meat production, Guzerat for meat and milk purposes and Gyr breed has selected lines for both milk and meat production. Although the number of animals imported from India was relatively small (~6,000), these animals adapted very well in the Brazilian environment and multiplication developed rapidly (Santiago, 1985) . The intensive selection practices and the small number of ancestral animals may have caused a decrease in the genetic diversity of Zebu breeds in Brazil.
In this work we investigated the allele frequency of nine microsatellite markers in Bos indicus and Bos taurus breeds in order to evaluate the genetic diversity within and among breeds. This will be important to explore heterosis in future complementary crosses within Zebu breeds and also for crosses between Zebu and European breeds.
Materials and Methods

Animals
Eighteen sires from three Zebu breeds (Nellore, Gyr and Guzerat) and eighteen sires from one Bos taurus breed (Holstein) were analyzed in this study. The most popular sires were picked based on the number of semen samples distributed from the breeders associations to farmers what represents most of the genetic component of these breeds throughout the country. Selected sires were considered unrelated because no common ascendance up to third generation was found among them. Four semen pallets were collected from each animal as source of DNA.
Microsatellite markers
A total of 9 microsatellite markers were studied in the four different breeds. Markers were chosen based on the size of the product (100 -250 bp), level of Polymorphic Information Content (PIC) and easiness of scoring. Both di and tri nucleotides microsatellites were picked. ARO23, ARO42, (Band & Ron, 1996) BMS2684, BMS518, BMS3004, BMS1120, BMS1237, BMS1126 and BL4 were picked from USDA map (Kappes et al., 1997) .
Microsatellite typing
DNA samples were extracted from semen using a salt/proteinase K protocol and proteins were removed with phenol-chloroform treatment. Polymerase Chain Reaction were performed using 50 ng of template DNA in 15 µL reaction volume using 1 unit of Taq polymerase with reaction buffer containing 500 mM KCl; 100 mM Tris-HCl, pH 8.0; 20 mM MgCL2; 1% Triton X-100; 0.2 mM dNTPs. A 3 min denaturation step at 94ºC was followed by 10 cycles of 30 s denaturation step at 94ºC; 30 s annealing (-1ºC/cycle) until reaching primer optimal temperature -"touchdown cycle profile" (Don et al., 1991) ; and 60 s extension step at 72ºC. Final amplification consisted of 25 cycles of 30 s denaturation step at 94ºC; 30 s annealing at primer optimal temperature; 60 s extension at 72ºC followed by 7 min of final extension step at 72ºC. A total of 8 mL of the amplification reaction of each sample were loaded onto a native 13% acrylamide gel 0.75 mm thick. In each gel it was also included a 25 bp ladder to allow determination of allele lengths. All 72 samples plus 5 standards were loaded in the same gel to facilitate scoring. Gels were fixed in one glass plate, stained with ethidium bromide for 30 min and photographed under UV light using a digital camera apparatus (EagleEye II, Stratagene Co.).
Data analysis
Analysis of the bands were done using the software RFLP scan (Scanalytics Co.) and the results were exported to an excel data sheet. Allele frequencies, direct count heterozygosity and Hardy-Weinberg expected heterozygosity were estimated for each marker and breed on the basis of frequency data.
Direct count heterozygosity was obtained as:
where N lij is the number of heterozygous individuals in the l locus; N is the number of individuals analyzed.
The Hardy-Weinberg expected heterozygosity, also defined as Gene Diversity (Weir, 1996) or Polymorphism Index Content (PIC) (Botstein et al., 1980) , was obtained from observed allele frequencies:
where pli is the frequency of the i allele at the l locus; n is the number of alleles at the l locus.
The Hardy-Weinberg equilibrium was evaluated by the likelihood ratio test (Lynch and Walsh, 1997), using G statistics:
where ij N and Nijˆ are the observed and expected numbers of the genotype AiAj in the sample; n is the number of alleles at the locus. G statistics has a χ 2 distribution with n(n-1)/2 degrees of freedom (Weir, 1996) .
Standard genetic distance of Nei and Li (1979) were calculated from the allele frequencies: Genetic dissimilarities among all individuals were obtained by the simple match coefficient complement using GQMOL software (Cruz & Schuster, 2001) .
Distance matrix data were used to construct a dendrogram using the unweighted pair-group with arithmetic mean (UPGMA).
Results and Discussion
The touchdown cycle profile minimized most of the artifacts from the PCR reaction improving the product quality and the easiness of gel scoring. Electrophoresis on native acrylamide gel showed enough resolution to visualize 2 bp differences enabling allele scoring. For that, a 40 cm tall x 50 cm wide plate was used in an electrophoresis period of 7 hours. The results obtained with native acrylamide gel and ethidium bromide staining showed no stutter bands that are very common in di and tri-nucleotides microsatellites loaded on denaturing gels and complicate much the scoring.
A total of 64 alleles in all 4 breeds were obtained with 9 primers used and each breed showed an average of 53% of the total number of alleles. The average number of alleles per locus was 7.11 ± 3.2. The most informative locus was BMS1237 (53% of direct count heterozygosity) and the least informative one was BMS 3004 (12%) ( Table 1) . Two loci were found to be very little informative. BMS3004 showed very little heterozygosity (5%) for Gyr, Guzerat and Holstein breeds and BL4 showed 5% heterozygosity in Gyr, 0% in Nellore and 11% in Guzerat. BMS1237, on the other hand, showed very high heterozygosity for Gyr (33%), Nellore (53%), Guzerat (41%) and Holstein (82%) ( Table 1 ). The most informative primers BMS1237, BMS1126 and BMS518 are good candidates to be used for paternity testing due to the high direct count heterozygosity, high number of alleles, and allele frequencies well distributed (data not shown).
The average direct count heterozygosity for the nine loci was 35% and the expected Hardy-Weinberg heterozygosity was 53%. For most loci the direct count and Hardy-Weinberg heterozygosity showed similar values although few loci showed less heterozygosity than expected in each breed.
Hardy-Weinberg Equilibrium (HWE) was tested in each locus using G statistics (Table 1) . Four loci in Nellore breed (ARO23, BMS1120, BMS1126 and BL4), two loci in Guzerat breed (BMS2684 and BL4), and three loci in Gyr breed (BMS2684, BMS1237 and BL4) have shown deviation from HWE. For the Holstein breed, five loci showed deviation from HWE (BMS2684, BMS518, BMS1120, BMS1126 and BL4). For Nellore and Holstein breeds, most loci showed very low HWE probabilities. These results suggest that within these breeds the selected animals have shown endogamy that could be a result of the intensive selection process in order to fulfill dairy and beef industry needs. Guzerat and Gyr breeds showed deviation from HWE mainly for loci that had a general consistent deviation for most of the breeds (BL4 and BMS2684) indicating that these breeds are less endogamic than Nellore and Holstein breeds. Gyr breed also showed deviation from HWE at loci BMS1237 what might be due to sampling problems, once most loci showed equilibrium. One loci (BL4) showed very high deviation from HWE indicating that it might be associated with traits under selection common to all four breeds. The Nei's genetic distance matrix (Table 2) shows that Holstein breed was the most divergent from the others: 1.15 in relation to Gyr, 1.12 in relation to Nellore, 0.94 in relation to Guzerat. This result was expected since Holstein is a Bos taurus breed while Gyr, Nellore and Guzerat are Bos indicus breeds. The closest related breeds were Guzerat and Nellore (0.25) that agrees with the close geographical origins of these two breeds in India. Cluster analysis (Figure 1) showed that Bos indicus breeds cluster independently from the Bos taurus Holstein breed at 0.33 of genetic distance. Kemenes et al. (1999) used allele frequencies of three candidate genes (k-casein, b-lactoglobulin and growth hormone) and showed a very distinct clustering between Bos taurus and Bos indicus populations. Within Bos indicus breeds the allele frequencies were not sufficient to show a good discrimination among them. This was probably due to the fact that their results were based on three loci only and also because candidate genes are generally less polymorphic than microsatellites markers that were used in our study.
These results may be confirmed by a more detailed dendrogram (Figure 2 ). Using simple match coefficient 
Conclusions
Nellore and Holstein breeds showed endogamy due to the deviation from HWE in some loci while Gyr and Guzerat breeds were less affected. Nellore and Holstein are the most explored breeds for meat and dairy industry respectively and this could explain their higher endogamy. Gyr and Guzerat on the other hand are less explored breeds and showed less deviation from HWE. The BL4 loci might be associated with traits undergoing selection because it showed consistent deviation from HWE in all breeds.
The Bos taurus Holstein breed grouped very distantly from the Bos indicus breeds. Even though Bos indicus breeds showed some relatedness they were grouped individually in the cluster analysis.
